Introduction
Ultrasonic echography has been widely used� in the field of clnical diangosis. It is significant for improvement of image quality to transmit broadband pulsed ultrasound waves.
Since ultrasonic attenuation in bilogogical soft tissues is proportional to an exponential function of frequency, the attenuation at higher frequencies is much larger than one at lower frequencies. Therefore it is diffucult for a large organ such as liver to produce the B-mode image from echo signals including higher frequency components. One of the techniques to solve this problem is to transmit the broadband pulse which is divided into a number of narrower bandwidths and imaging at each bandwidth extracted from the echo. This is called as multiple frequency ultrasonic imaging (MFUI). The authors have studied multi-resonance piezoelectric transducers (MRT) for the MFUI [1] . It has been confirmed that a thin piezoelectric transducer bonded with a thick piezoelectric plate works as a MRT.
This paper describes the development of the MFUI system by using a mechanical sector scanning ultrasound dianostic equipment. The MRT which was prototyped was embedded in the mechanical sector probe. Tissue mimicking phantoms were used to evaluate the imaging performance of the developped system. As a result, it was effective for the improvement of image quality to superpose the multiple frequecies images based on frequency compound method [2] .
Multi-Resonance Piezoelectric Transducer

Structure
A structure of the multi-resonance piezoelectric transducer (MRT) is shown in Fig. 1 . This transducer was composed of a thin piezoelectric plate with electrodes at both ends bonded with a thick piezoelectric plate. The thin piezoelectric plate is driven by a high voltage electrical signal. A quarter wavelength matching layer is bonded to the thin piezoelectric plate through an electrode. A backing layer is bonded with the thick piezoelectric plate.
Prototyped MRT Embedded in Mechanical Sector Probe
The multi-resonance piezoelectric transducer (MRT, Japan Probe) which was prototyped fabricating 1-3 composite piezoelectric materials was embedded in a mechanical sector probe (ASU-35CWD-2, Aloka) as shown in Fig. 2 . The fundamental resonance frequencies of the thin and the thick piezoelectric plates were 6 MHz and 2 MHz, respectively. The transmitting surface of the transducer was spherically concave and the focal length was 50mm. The quarter wavelength matching layer which was attached in front of the thin piezoelectric plate was adjusted to the 6 MHz. The backing layer was air. Diameter of the transducer was 15 mm. The transducer was driven by a half cycle of about 6 MHz sinusoidal wave with the peak value of -300 V. The waveform received by a hydrophone (MH23-6, Force Technology) at the focal position is shown in Fig. 3  (a) . The spectrum of the received waveform is shown in Fig.3 (b) . The peak frequencies of 3.0, 4.8, and 6.9 MHz are evidently found in the spectrum. Time duration of the pulsed wave is 1.0 Fig.1 Structure of multi-resonance piezoelectric transducer (MRT). - �s. The beam profiles at the peak frequencies are shown in Fig. 4 . Those profiles were measured by scanning of the hydrophone in distilled water.
Imaging System and Experiments
The multiple frequencies ultrasonic imaging system based on the mechanical sector scanner (SSD1000, Aloka) in which the prototyped MRT was embedded was developed for the performance evaluation. The received echo signals were converted into digital signals of 14bits at a sampling frequency of 100MHz.
Two kinds of tissue mimicking phantom (ATS539 and Kyotokagaku IOSFUN) were used for evaluation as shown in Fig.5 .
Images of the wire targets phantom as shown in 
The MFUI system based on the mechanical sector scanner (SSD1000, Aloka) in which the prototyped MRT was embedded was developed for the performance evaluation. The received echo signals were converted into digital signals of 14bits at a sampling frequency of 100 MHz.
Tissue mimicking phantoms which were used for the evaluation are shown in Fig. 5 . The B-mode images of the phantoms at 3.0, 4.8, and 6.9
MHz are shown in Fig. 6 and 7 (a), (b) and (c), respectively. Superposed images of the three B-mode images are shown in Fig.6 and 7 (d) . Wire targets are clearly observed and the speckle fluctuation is well reduced in the superposed image.
